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の手段として，強力集束超音波（High Intensity Focused Ultrasound ; HIFU）に着目し，そ
の可能性につき検討を行った．脱気水で満たした水槽内にシリコンチューブを固定し，ナノ液
滴 0.5 ～ 1.0 ml を注入した着脱式バルーンをシリコンチューブ内に留置し，チューブを閉塞し






























































































































バルーン注入量 HIFU照準 照射回数 チューブ熱変性
1 1.0 ml バルーン中央 1回 （＋）
2 0.7 ml バルーン後壁 1回 （＋）
3 0.5 ml バルーン後壁 2回 （＋）













































































1） Ali K, Grigoratos D, Cornelius V, et al. Outcome 
of CDH infants following fetoscopic tracheal oc-
clusion-inﬂuence of premature delivery. J Pedi-
atr Surg. 2013;48:1831-1836.
2） Deprest JA, Nicolaides K, Gratacos E. Fetal 
surgery for congenital diaphragmatic hernia is 
back from never gone. Fetal Diagn Ther. 2011; 
29:6-17.
3） Ruano R, Yoshisaki CT, da Silva MM, et al. A 
randomized controlled trial of fetal endoscopic 
tracheal occlusion versus postnatal manage-
ment of severe isolated congenital diaphrag-
matic hernia. Ultrasound Obstet Gynecol. 2012; 
39:20-27.
4） Cruz-Martinez R, Castanon M, Moreno-Alvarez 
O, et al. Usefulness of lung-to-head ratio and in-
trapulmonary arterial Doppler in predicting 
neonatal morbidity in fetuses with congenital 
diaphragmatic hernia treated with fetoscopic 







6） Kawabata K, Asami R, Azuma T, et al. Acous-
tic response of microbubbles derived from 
phase-change nanodroplet. Jpn J Appl Phys. 
2010;49:07HF18-07HF18-9.
7） Haroon J, Chamberlain RS. An evidence-based 
review of the current treatment of congenital 
diaphragmatic hernia. Clin Pediatr （Phila）. 
2013;52:115-124.
8） Thuroﬀ S, Chaussy C. Evolution and outcomes 
of 3 MHz high intensity focused ultrasound 
therapy for localized prostate cancer during 15 
years. J Urol. 2013;190:702-710.
9） Stewart EA, Rabinovici J, Tempany CM, et al. 
Clinical outcomes of focused ultrasound sur-
gery for the treatment of uterine ﬁbroids. Fer-
til Steril. 2006;85:22-29.
10） Okai T, Ichizuka K, Hasegawa J, et al. First 
successful case of non-invasive in-utero treat-
ment of twin reversed arterial perfusion se-
quence by high-intensity focused ultrasound. 
Ultrasound Obstet Gynecol. 2013;42:112-114.
11） Li JJ, Gu MF, Luo GY, et al. Complications of 
high intensity focused ultrasound for patients 




HIGH-INTENSITY FOCUSED ULTRASOUND FOR FETAL SURGERY:  
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　Abstract 　　 Recently, fetal endoscopic tracheal occlusion （FETO） has been reported to be beneﬁcial 
for fetuses with congenital diaphragmatic hernia （CDH）.  A balloon occludes the trachea to retain pulmo-
nary ﬂuid and to force the lung to expand, which promotes the fetal lung to grow.  However, balloon re-
moval requires highly invasive surgical procedures which puts a burden on both mother and fetus.  A 
minimally invasive procedure is needed.  We examined the application of high intensity focused ultra-
sound （HIFU） as a means of trachea occlusion removal.  The balloon was placed into a silicon tube in a 
water tank filled with degassed water.  The balloon was inflated by injecting 0.5 ～ 1.0 ml of Phase-
Change Nanodroplet.  HIFU was irradiated for 2 seconds, focusing on the back wall of the balloon under 
ultrasound guidance.  In all cases, the balloon in the silicon tube ruptured.  Also thermal denaturation in 
the silicon tube was seen.  Although the utility of FETO has been reported, the removal methods have 
not been suﬃciently discussed.  HIFU might be suitable for clinical application technology for congenital 
diaphragmatic hernia.  This study demonstrated that occlusion removal can be performed using this min-
imally invasive technique.  In the future, we will carry out animal experiments to improve our HIFU sys-
tem.
Key words :  High Intensity Focused Ultrasound （HIFU）, Congenital Diaphragmatic Hernia, Fetal 
Endoscopic Tracheal Occlusion （FETO）
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